Sheet: Receiver

[

RXADCANB__p 5pc_ang ADC_D7G—RXADCD7
RICADC_CLC_ 100 ADC_D6J—RX-ADC_D6
RXADCPDL_Lapc_pp1 ADC_D5g—RX-ADC.DS
RXADC_PD2_hapc_pp2 ADC_D G—RX-ADC_D4
ADC_D3G—RXADC_D3
RXQAMPSV_1q amp_sv ADC_D2G—RX-ADC_D2
RX_QAMP_BYPL_1q amp_BYP1 ADC_D1 g—RX-ADC_D1
Ré(;QQ{AMMP;BBYlpAg—DQ,AMP,BYPZ ADC_D0G——RX-ADC_DO
—QAMP_BIAS_1q_aMP_BIAS
2 (—LO_SW_GND ADC_VDD_3V3—RXADC_3V3
< Rxﬁﬁm"g;g‘l’apuw,sv ADC_DVDD_3V3—RX-ADC_3V3D o R Su_GND
I_AMP_ I_AMP_BYP1 S (—RF-SW
O-SH-GR-5Y I I I RX'I‘AMP'BYPZ::B\:AMP:BYPE ADC_GND2g—RX-ADC_GND2 w
c1 c2 c3 ch cs RX_LAMP_BIAS 5| _amP_gIAS ADC_GND1 g—RX-ADC_GND1 RF_SW_VDQ 5V
QAMP_GNDG—RX-QAMP_GND
100 pF 100 pF 470 pF |L nf 10 nf RX_LNASVO_Ly s oo e RX_AMP_GND o . B A B
RXLNABYPL_5 NA_BYPL LNA_GND—RX-LNA-GND 10 nF 1 nf[ 470 pfF| 100 pf| 100 pF
oD GND  GND  GND GND RXLNABYPZ 5 | Na_BYP2 N . ;54
o
- GND GND  GND  GND  GND
Sheet: Local Oscillator —pPLo o~
PLLSVO—{DSVO Ul o« File: receiver.sch IR ~ u2 ‘;
. =)
PLL3V3 o (ot — 3| prs ‘ o ~ 16
—P3V3 =) 5 ] e 5 o xo 1 ;
; RFL N . } s
PLL_DATA L0 5 RFC{ L < RF2 lo<}<:TRL
- RF2 Yo -
PLL_CLK:g(D;/E;A ol CTRLD»LWT Sheet: Transmitter GND l . E )
PLLCE K¢ = . l z g e
PHE—DLe 2 5 L—bLo RFQ™ Bs12pL6E6327XTSAN A S
PLL_MUXOUT 5 N BGS12PLOE6327XTSAL 126-BGS12PL6EG6327XTS 5
—pMuxouT z 726-BGS12PL6E6327XTS
o TX_I_DAC_GND 5
FL-ee preene - TX_I_DAC_SVO::g::giE:SCD PA 5V—TX-PA5V on NOTE: make sure both receiver and transmitter
File: To.sch GND TX_ILDAC_3V3___ | pac 3v3 RF ports are stable when they see a short
TXLDACDO__) pac_po
TXIDACDL__ 1) pac_p1
J3 TXLDACDZ__+) pac_p2
)2 RF_SW_CTRL 11 RXADC_ANB TX_LDAC_D3__ || pac o
oo J2 rxapc_cik TCIMIX VI iy v
:giar_sw_voo sv 15 rxapc_pp1 TXULMIXNAVZ s s
S e 14 rxapc_PD2 TXCLMIXCEN_ By e
1 xipac_enD e R AP S
" T T6  rx_aaMPBYPL TX.QDACLGND__b o pac cn
L LOSW.CTRLIVS | o1 DAC 00 17 rxaame_sYP2 TX_QDAC_SVO__E 0 pac sy
|2 10_SW_GND T6 oA o1 18 rx_aavp_BiAS TX_QDAC3V3__ K pac 3vs
|3 L0_SW_VDD_5V :’g L DAC D2 19 rxaampsy TX_QDAC_DO__E 0 0ac po
|4 PLL5VO T i oAC bs 10 rx__aMP_BYP1 TX_QDAC DL E o pac b1
15 pusvs Tii T MX Vs J11 rxa_aMP_BYP2 TX_QDACD2__E o pac b2
|6 PLL_DATA T M NIV 12 rxu_amP_BIAS TX_QDAC_D3__ ¢ pac ps
|7 PLLCLK T15 T MCEN 113 rxanAsVO TXQMIX V3 0 iy 3vs 0 MIX_GND Q- TX_Q_MIX_GND
8 PLLCE Tie QDA OND J1s rxanaBYP1 TXCQMIXNLVZ_ 0y ive L MIX_CND O TX_LMIX_GND
9 PLLLE S PTEER 145 rxanaBYP2 TXCQMIXCEN_ 0 i en PA CNDO___TX_PAGND
10 PLL_MUXOUT A3 TXA.DACSVO 16 RX_ADC_D7
T, 16 TX_Q_DAC_3V3 T - File: transmitter.sch
11 PLLGND - 117 rxapcos
- AL TX-Q.DACDO 18 RXADC_D5
Conn_01x11 418  TX_Q_DAC_D1 1 19 RX_ADC-[M
<42 TX.Q.DACD2 J20 rxADCD3
<20 TX.Q.DACD3 T21 rxapCD2
21 xamixsvs 157 R ADC DL
J22 xamixniv2 155 RxADC DO
S22 TQMIXEN T2u rxapC3v3
J24 tx_amix_enD < RXADC 3V3D
25 TX_LMIX_GND 45— -
. 126 Rrx_ADC_GND2
| J28—TX-PAGND T27 Rx_ADC_GND1
Conn_01x26 128 RX_Q_AMP_GND Sheet: /
29 RX_I_AMP_GND File: discrete—rf—board.sch
30 Rrx_NAGND Title:
conn-ona0 Size: USletter | Date: Rev:
KiCad E.D.A. kicad 5.1.4—e60b26684ubuntu19.04.1 Id: 1/19

1 [ 2 [ 3 | [ | 5 I




Sheet: Dacl

I_DAC_5VD—FP +5V
I_DAC_3V3D—P +3V3

I_DAC_DOD—PDO
I_DAC_D1D—PD1

Sheet: Mixerl

NOTE: power supplies should be separated so that
we don’t need to route on this boay
=z

d
<|——< I_MIX_GND
[C]

I_MIX_END—PMIXER_EN_3V3

I_DAC_D2D—PD2
I_DAC_D3D—PD3

ouTg—
I_DAC_GNDD—>DAC_GND
File: dac.sch
o~
o
=
° FL1
o
Im
o
LO Input, Direct
R
TBD 040 IsolatedZCoupled

+3V3G—I_MIX_3V3
—1V24—=I_MIX_N1V2

pLO
RFG
DIF
P

Filer mixer.sch

o

= ———aQMIX_GND

(G
Sheet: MixerQ

Q_MIX_END—P MIXER_EN_3V3

Bs. I&%%%"Pd‘f
GND
GND

Sheet: sheetdDIASCAS

Q_DAC_SVD—P +5V
Q_DAC_3V3D—P +3V3

Q_DAC_DOD—PDO
Q_DAC_DID—PD1
Q_DAC_D2D——PD2
Q_DAC_D3D—PD3

PLO

ouTqg
Q_DAC_GNDD—>DAC_GND

File: dac.sch

DIF

+3V3—<QMIX_3V3
—1V2—<QMIX_N1V2

RF

heet: PowerAmplifier

810J5050S2HF  FL2 FL3 SF2098H
ORT1
uMm IN uT DIN
coco o o
zz Z =z =z
PORT20 © O [ S
|
GND GND
GND

File: mixer.sch

File: pa.sch

Sheet: /Transmitter/
File: transmitter.sch

Title:

Size: Ak [ Date:

KiCad E.D.A. kicad 5.1.4—e60b26684ubuntu19.04.1

% [ 5




~11 mA quiescent current
Not much gain but it does convert to differential
+3.3VA
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DNP 0402 DNP 0402 =
B 3 =3
) 3.3 M3 GND GND GND GND
GND GND GND
Values based on datasheet
+3.3VA °
Cc29 18
c24 |c25 100 pF RF I R Ve
E
0.1 uF (0.1 uF
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Sets bias point so that the common mode voltage is close to ground
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~11 mA quiescent current
Not much gain but it does convert to differential
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NF=1.5 dB, K=~16dB

J13  TODO make sure the matching circuit values are
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C94 C97 C100 C101
Ioo pF Ioo pFIOD pF Ioo pF
o .
e 33 GND GND GND GND Z 20 mA bias current
88 89 y 3v3 5v
0.1 uf| 0.1 uf 3v3 €95 €98 €103 C104
=) 3V3 I I R71 C107 Cc108
o= R68 1 nf 1 nf 53R 10 nf |10 nF R78
>7® GND GND us 5.3R v_vco TOR 100 pF |t nF
-
; X1 <
o _ R75 R76
e DVDD ADF4360-7BCPZRL7 AVDD ° GND GND GND GND 3 9kR 8. 5(H 6ND 6ND
S 10 MHz . 3
> tri-state ouT REFIN RFOUTA 115 17 .
= RFOUTB 47 nH 47 nH 14 Target is ~+6dBm
3 clkp————7 cik 1 - Lo
DATAD———————18 paTA o | - = 5
_ _100-BN— D— 19 ala o'l 115
ECS-5032MV—100-BN-TR LE LE Weo 16 v_vco 3 & 36 3 o 3118 o
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R6S L13 Lt ped]  C92 p| R o -3 to +5dBm?  HHML7L47AL
470RL1 3.9 nHE 3.9 nHy 470K CN S 2222 3 datasheet is unclear GND
1o HI § 5555 o & IL=-0.7dB  \p ~20 dB gain accarding to SPICE model,
Tess WO GND GND ~17 dB gain to S parameter model in scikit—rf
GND GND GND GND Ggg7 c91 :‘-‘1 jjﬂ j j TODO figure out attenuator values to get —20 dB and —13 dB
4.70kR 10 uf
Y Compression point should at ~-~10dBm (~+10 dBm at output)
Optimum inductance = 3.98 nH V_vCo %
NOTE place the inductors at right angles to avoid coupling GND GND
o
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TODO figure out resistor and capacitor values
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& pEa= | v 222 = {———aADC_GND1
i 2t
! = ADC_GND2
1P QP C m» 2
SNz 3Vz SAZ 2Vz GND
M| O @D M ©
Nz 8V A5 zV:
o @ o @
I_N QN
~1.4 pF due to diode parasitics
Sheet: /Receiver/
File: receiver.sch
Title:
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad 5.1.4—e60b26684ubuntu19.04.1 Id: 9/19

1 I 2 I 3 I 4 I 5 [




il | 2 | 3 | 4 | 5 |
TODO figure out shunt cap values
TP3. &
TestPoint + a5V -
_Lizg Jgiso
0.1 uf 0.1 uf
c124 . 1@7_ .
es omn R102
0.1 uf EJiioR GND GND
TP1
TestPoint RS 02+ S 02-
25R GND GND FER U9A u
w UBA w © NLAS4157DFT2G 1o
|
01- 1 gl 2 8 NLASKISTDFT2G o 3 O I; 01+
5 01-_ oo Q258 -o"}-
J I Ko— \IB5811MW6T1G ol I+
- NSVT65011MW6T1 i S
2.5V Q238 N ! = |»“ 11s i _|Q 5
IN+ \IB5A11MW6TG 51 3 =
NSVT65011MW6T1 o © ) T TestPoint
R99 o TestPoint P8 TP10
L OkR TP6 Rw}TESiFumt BYPASS1
BYPASSL BYPASS1 GND 22R
1.7 V. max
GND TestPoint
Binc 1.4 V max P2 Q24
Q_NPN_BCE
E .7 V max
5 30 mA max
0.1 uf s
"2 R96 GND BYPASS2 BYPASS2
- 22R
GND -1 [0
4
GND Lo—t——aouT+
02— _O/o-
NLAS4157DFT26
UL0A
BYPASS2
2+ 1 [}
€120 c121 c123 €125 4 Qour-
02+ 3
0.1 uf 0.4 uF  ]0.1 uF  [0.1 uF _°/°'
NLAS4157DFT26
UL1A
45V GND GND GND GND 1
usB u9B U108 U118
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V+ V+ V+ V+
f GND f GND GND f GND
GND GND GND GND
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UFL

J16
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Use to simulate IF output impedance
while measuring parameters for mixer
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TODO figure out shunt cap values
TP13 &
TestPoint + o2V °
_LlS} _‘gsu
0.1 uf 0.1 uf
C146 C148 TP17 elfplr?m
TestPoint R126
15 0.1 uf 0.1 uf 110R GND GND
TP11 i
TestPoint R119 TestSpint 02+ =1k 02-
25R GND GND R ULLA u
01+ w U13A @ © NLAS4157DFT2G 18
01- 1 gl 2 8 NLASLL57DFT2G © _LQHLOH
E 01— o‘l S 3 Q288 -o"}-
J Ko_ \qBBAL1IMWETLG
- NSVT65011MW6T1
2.5V Q268 ! - |: 1

| 1 I I+
H O Ve L
H [re} El

o

3
s \IB6A11MWETLG ! .
NSVT65011MW6T1 o © ) TestPoint
o TestPoint P18 P20
R123 TP16 TestPoint
O GND 5%%7 BYPASS1
BYPASS1 BYPASS1
1.7 V. max
GND TestPoint
Binc 1.4 V max TP12 Q27
Q_NPN_BCE
o8 .7V max
—“e 30 mA max
0.1 uF = BYPASS2
S R120 GND BYPASS2
- 22R
GND -1 [0
4
GND Lo—t——aouT+
02— _O/o-
NLAS4157DFT26
UL5A
BYPASS2
2+ 1 [}
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0.1 uf 0.4 uF  ]0.1 uF  [0.1 uF _°/°'
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45V GND GND GND GND t
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f GND f GND GND f GND
GND GND GND GND
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122
1\
5
+5V0 . o . GND
Sheet: LNA Gain Block 1 902-928 MHz BPF heet: LNA Attenuator 1 heet: LNA Gain Block 2 Sheet: LNA Attenuator 2 chest: LNA Gain Block 5
D +5V0 U7 SF2098H D +5V0 D +5V0 D +5V0 D +5V0
IND——DIN ouTd IN %}UT DIN ouTd DIN ouTd DIN ouTd DIN ouTg———<aout
S S
(%) (%)
2BYP1_3V3 DBYPASS_3V3 DBYPASS_3V3
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File: switchable—attenuator.sch File: switchable—attenuator.sch
R133 BYP2_3V3 R134
GND GND R_Small R_Small 123
21 o
J20 L1 ) —5 £
1 o 5
5 GND GND
e GND
GND
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c161 C163
IHF Ioo pF R
GND GND

C157 C159 C162 Cl64

J25 TODO make sure the matching circuit values are
InF InF Ioo pF ;Ioo pF o)z calculated for Vce=5V
)
GND GND GND GND

C167
100 pF RF

C166
3.0 pF RF

nH

160 7 J2h

5.45 pF RF l

GND

9.5
L2

C165 GND

I 100 pF RF

GND GND

UFL

GND

Vbe=~0.827V, ib=~0.05mA, ic=5mA
NF=1.5 dB, K=~16dB

File: lna_gain_block.sch
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c172 C174
IHF Ioo pF R
GND GND

C168 C170 C173 C175

IHF IHF IUO pF Too pF
GND GND GND GND

J27 TODO make sure the matching circuit values are
o calculated for Vce=5V
)

c178
100 pF RF

c177
3.0 pF RF

9.5 nH
171 130

5.45 pF RF l

GND

J26
C176 GND

I 100 pF RF

GND GND

UFL

GND

Vbe=~0.827V, ib=~0.05mA, ic=5mA
NF=1.5 dB, K=~16dB
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NOTE: RF1 is the connected when ctrl=0,
the disconnected path is shorted
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Use to simulate IF output impedance
while measuring parameters for mixer
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